paper concerning the amount of Laramide right slip along northerly trending faults on the east side of the Colorado Plateau in northern New Mexico contains two major flaws and several minor ones that cause his estimate of a minimum of ~85 km of right slip to be highly questionable. A major problem concerns his failure to recognize that vertical surfaces as well as linear features can be used to determine lateral separation along major strike-slip faults. Also, his assumption that Phanerozoic pre-Laramide strike-slip motion on these faults was necessarily sinistral (Cather, 1999, p. 849 ) is not warranted (Ye et al., 1996; Woodward et al., 1999) .
Regional, eastward-trending piercing lines defined by stratigraphic truncations and depositional pinch-outs in Jurassic and Cretaceous strata in northern New Mexico allow estimation of the amount of strike slip after deposition of these units, as Cather (1999) has done. However, where these wedge edges (zero isopach lines) are poorly determined, isopach lines representing thicknesses can be used. Isopach lines on maps represent surfaces of specific vertical dimensions that will show lateral slip if offset by strike-slip faults.
The Jurassic Morrison isopach map ( Fig. 1 ) shows a poorly determined wedge edge east of the Rio Grande rift, but the 300 and 400 ft isopach lines (91 and 122 m) clearly do not allow ~85 km of right slip as proposed by Cather (1999) . Cather's (1999, p. 849 ) statement "These less precise constraints allow as much as 40 to 60 km of Laramide dextral slip along what is now the Rio Grande rift …" cannot be supported by the isopach data of the Morrison Formation (Fig. 1) . Even Cather's isopach map of the Morrison Formation (Fig. 6 in Cather, 1999) shows that the 120 m and 180 m isopach lines are juxtaposed across the Tijeras fault about 35 km northeast of Albuquerque, clearly indicating left slip. A similar example exists on the east side of the Lucero uplift. McKee et al. (1956) . Cather (1999, his Fig. 6 ) used the data of McKee et al. (1956) in construction of his Morrison isopach map, but the two maps are so vastly different that it is difficult to see how Cather arrived at his map. Part of the difficulty in reading Cather's (1999, his Fig. 6 ) map is that he did not show the control and data points from McKee et al. (1956) . It is worthy of note that in the four decades since the work of McKee et al. (1956) , the only worker to question the construction of their isopach maps is Cather (1999) .
A band of northeast-trending magnetic highs in northern New Mexico (Zietz, 1982) was interpreted as a Proterozoic contractional deformation boundary (Fig. 2 ) that was originally continuous (Karlstrom and Daniel, 1993; Karlstrom and Humphreys, 1998) and is principally a geophysical signature of the Precambrian basement. The magnetic highs and flanking lows displaỹ 145 km of offset (Cordell and Keller, 1984) , suggesting right-lateral separation along four northstriking faults. As noted by Cather (1999) , ductile deformation in northern New Mexico has been inferred to have occurred in the Precambrian, whereas younger episodes of deformation were characterized by brittle deformation. The northstriking faults noted here are characterized principally by brittle deformation where the faults are exposed (Cather, 1999) . Using this criterion, most of the displacement on the faults postdates the Precambrian (Karlstrom and Daniel, 1993 ). Cather's (1999) assumption that pre-Laramide strike slip on the major northerly striking Laramide faults was sinistral is based largely on Kluth and Coney's (1981) proposal that the late Paleozoic Ancestral Rocky Mountains uplifts and basins of Colorado, New Mexico, and adjacent areas formed in response to northwest-southeast crustal shortening caused by the collision of North America with South America-Africa that they inferred produced the Ouachita-Marathon orogenic belt (Fig. 3B) . The assumption that north-striking faults of late Paleozoic age underwent left slip is consistent with the model of northwest-southeast crustal shortening with respect to the orientation of the Ouachita-Marathon fold belt as suggested by Kluth and Coney (1981) . However, this assumption creates a major problem in kinematics inasmuch as left slip on these faults necessitates a minimum of 145 km of right slip during the Laramide orogeny in order to account for offset magnetic anomalies (Fig. 2 ) along reactivated faults. However, eastward-trending piercing lines defined by stratigraphic truncations and depositional pinch-outs in Jurassic and Cretaceous strata and isopach lines for these strata in northern New Mexico allow ~85 km of right slip according to Cather (1999) . Therefore,~60 km of the rightlateral offset must have occurred prior to Laramide deformation. Even using Cather's (1999, p. 863 ) maximum limit of 110 km of Laramide right slip, there is a discrepancy of ~35 km. The Morrison isopach map (Fig. 1) by McKee et al. (1956) suggests much less than ~85 km of Laramide right slip, probably on the order of ~20 km or less (Woodward et al., 1997 (Woodward et al., , 1999 . Therefore, Cather's (1999, p. 863 ) statement "By a process of elimination, a reasonable case can be made that the observed dextral fault offsets of Proterozoic rocks in northern New Mexico represent minimum Laramide offsets" is wrong. Ye et al. (1996) pointed out that the nature, timing, and orientation of deformation along the Ouachita-Marathon orogenic belt ( Fig. 3B ) make it difficult to account for the Ancestral Rocky Mountains by a continental collision along the southern margin of North America. Rather, the Ancestral Rocky Mountains are interpreted to have formed by crustal intraplate shortening in the foreland of a coeval convergent margin along southwestern North America (Fig. 3A) . Inferred right slip along north-striking, late Paleozoic faults in northern New Mexico (Woodward et al., 1999 ) supports the tectonic model of Ye et al. (1996) involving northeastsouthwest crustal shortening driven by a northwest-trending subduction zone along the southwestern margin of North America. Further support was provided by Pollock et al. (1998) , who determined that there is ~6-18 km of preLaramide right slip on the Nacimiento fault (Fig. 2) ; they suggested that this offset occurred in the late Paleozoic during Ancestral Rocky Mountains deformation.
In summary, the ~145 km of right offset of the magnetic anomalies (Fig. 2) is probably in large part or perhaps all Phanerozoic age (Cather, 1999) . The isopach data, however, allow onlỹ 20 km of Laramide right slip according to Woodward et al. (1997) Karlstrom, K.E., and Daniel, C.G., 1993 Understanding the magnitude and timing of strike-slip movement on the eastern margin of the Colorado Plateau has been a persistent problem since Kelley (1955) first noted evidence for Laramide dextral slip on the Nacimiento fault. The difficulty of estimating strike-slip components of fault systems is emphasized by the historical debate on slip magnitude in the San Andreas system, which is now thought to be about 320 km (Graham et al., 1989) . In short, our reply to Woodward's Discussion is: (1) isopach contours drawn from incomplete and widely separated stratigraphic data are ambiguous and do not provide robust piercing lines for faultslip analysis (the Jurassic system may be one of the worst to use); (2) the significance of magnetic anomalies is ambiguous until we better understand their origin; (3) episodic movement (Precambrian, Ancestral Rockies, Laramide, post-Laramide) is demonstrable on many faults, but kinematics are rarely well understood and we are skeptical of Woodward's model for dextral Ancestral Rockies deformation; (4) an estimate of ~100 km of dextral slip seems to best explain multiple data sets; we continue to favor a Laramide timing for most or all of this.
ISOPACH DATA
The analysis of Cather (1999) utilized the most recent published isopach maps available from several cited sources for Mesozoic strata in New Mexico. The control points for these maps were unchanged from these sources and are thus readily verifiable. These maps were combined with stratigraphic analysis of Mesozoic rocks penetrated by wells in the vicinity of the Albuquerque basin, the data for which were also presented (Cather, 1999, Tables 2 and 3 ). In contrast, the analyses of Jurassic formations in the discussion by Woodward and in Woodward et al. (1997) depended almost exclusively on the early isopach maps of McKee et al. (1956) , and thus are bereft of the substantial growth of stratigraphic understanding that has occurred as the result of drilling and field mapping since the mid-1950s. Woodward's statement that Cather (1999) is the only worker to question the isopach maps of McKee et al. (1956) is incorrect. In fact, every Jurassic isopach map that subsequently has been compiled has differed substantially from the early work of McKee et al. (cf. Lucas et al., 1985; Ash, 1958) .
Use of the McKee et al. (1956) isopach map for the Morrison Formation by Woodward as an argument against major Laramide strike slip is an excellent example of the pitfalls of using maps that are based on incomplete data. The Morrison Formation isopach map of McKee et al. (1956) is obsolete for at least two reasons: (1) it does not encompass thickness constraints generated by subsequent petroleum exploration in the Albuquerque basin area (Cather, 1999) or in northeastern New Mexico (Lucas et al., 1985) ; and (2) it depicts the southern pinch-out of the Morrison Formation in eastern New Mexico to be near the latitude of Albuquerque. Recent field work has demonstrated this pinch-out is actually far to the south, near Socorro and Capitan (Hunt and Lucas, 1987; Hayden et al., 1990; Lucas, 1991) . Figure 1 is an isopach map of the Morrison Formation that attempts to reconcile existing data. It is the same as that published previously (Fig. 6 in Cather, 1999) except that more detail has been added near Las Vegas from Lucas et al. (1985) to facilitate comparison to the 300 ft (~90 m) and 400 ft (~120 m) isopach lines of McKee et al. (1956) which Woodward purports to be definitive piercing lines. Rather than a simple southwardtapering wedge as depicted by McKee et al. (1956) , the more recent analysis of Lucas et al. (1985) shows southward thickening of Morrison strata near Las Vegas. These data preclude any simple, unambiguous correlation with the welldefined southward-tapering Morrison wedge to the west.
We disagree with Woodward's comment that the 120 m and 180 m Morrison isopachs northeast of Albuquerque require left slip on the Tijeras-Cañoncito fault system. The 120 m contour is parallel to and south of the fault system, and *E-mail: steve@gis.nmt.edu.
the Morrison thickness in well E (189 m, Fig. 1) is compatible with the contours in the Albuquerque basin to the west (indeed, it was utilized in their construction). Caution is advised in using Morrison Formation data to interpret lateral slip adjacent to the Lucero uplift because of the lack of Mesozoic strata on the uplift and the poorly defined trend of Morrison Formation isopach lines in the subsurface of the Albuquerque basin.
MAGNETIC ANOMALIES
The exclusive use of aeromagnetic anomalies to estimate dextral strike slip is inadvisable because the origin of the magnetic highs associated Table 1 
refers to Cather (1999).
with the Jemez lineament is uncertain and in need of further investigation (Keller et al., 2000) . The magnitude of net dextral offset of aeromagnetic anomalies in northern New Mexico is difficult to quantify precisely, but it is probably less than the 145 km value cited by Woodward and Woodward et al. (1999) . Woodward attributes this 145 km value to the local aeromagnetic analysis of Cordell and Keller (1984) , but they (p. 22) argued for only possibly 130 km. Most of the aeromagnetic offsets reported by Cordell and Keller (1984) match well with known lithologic displacements on dextral faults, particularly the 38 km offset they ascribed to the Picuris-Pecos fault. The easternmost apparent offset described by Cordell and Keller (1984) , however, is probably not of strike-slip origin. This apparent 35-40 km dextral offset of magnetic anomalies occurs along a north-south line (~105°15′W) near Mora, New Mexico, and appears to correspond with the frontal faults of the Sangre de Cristo uplift. When traced farther south using more regional aeromagnetic data (Zietz, 1982; Cordell, 1984) , it is clear that the amount of dextral offset that can be accommodated on this fault system is at most 5-15 km (Daniel et al., 1995; Karlstrom and Daniel, 1993) . The problematic nature of large-scale strike slip along this fault zone was also noted by Cordell and Keller (1984, p. 22) : "the repetition of. . . anomalies east of the rift could be explained as ~30 km wave-length synformal infolds of quartzite and other weakly magnetic rocks in an isoclinal Precambrian terrane." The net dextral offset of aeromagnetic anomalies in northern New Mexico is thus ~100 km, the same value as derived by Chapin (1983) in his regional aeromagnetic analysis (Fig. 2) . If the offset estimate of Cather (1999; 85-110 km) is correct, then the observed aeromagnetic offsets along the eastern Colorado Plateau boundary may be exclusively Laramide age.
ANCESTRAL ROCKIES
The interpretation of late Paleozoic left slip on north-striking faults in central and northern New Mexico (Cather, 1999, p. 853-863) was not based on regional tectonic considerations, as claimed by Woodward, but on local kinematic constraints inferred for several such faults by various workers. These constraints include slip-sense determinations using restraining-and releasing-bend structures (Karlstrom et al., 1997) , fault kinematic studies (Beck and Chapin, 1994) , and seismic reflection profiling of negative flower structures adjacent to a sinistral bend in a regional, northstriking fault system (Barrow and Keller, 1994) . The sinistral interpretations by these authors were clearly stated, but were variously misrepresented or omitted in the analysis of Woodward et al. (1999) . The 6-18 km of dextral offset noted by Pollock et al. (1998) on the Nacimiento fault is only constrained to have occurred since the Proterozoic and before the end of the Laramide, and thus may well represent an early phase of Laramide dextral slip (K. Stewart, 1998, personal commun.; C. Pollock, 1999, personal commun.) .
We tentatively agree with Ye et al. (1996) and Woodward et al. (1999) that northeast-southwest shortening was an important factor in Ancestral Rocky Mountain deformation, although kinematic constraints are few and the possibility of polymodal deformation cannot be dismissed. thrust overhangs that have been seismically imaged across the northeast frontal faults of the Wichita uplift (Mountain View fault, 10-20 km shortening; Meers fault, possibly 8-9 km shortening; Brewer et al., 1983) exceed the shortening across the southwest frontal fault of the Uncompaghre uplift (~10 km; Frahme and Vaughn, 1983) . In any event, such regional considerations cannot reasonably supersede direct kinematic data from the north-striking Ancestral Rocky Mountain faults in New Mexico. While such data are few, they appear to be sinistral.
CONCLUSIONS
Most workers seem to agree that there was significant dextral strike slip on north-south faults in what is now the Rio Grande rift and southern Rocky Mountains. We still don't have a complete understanding of the magnitude of dextral strike-slip faulting nor do we fully understand the timing, shear sense, and magnitude of each of the possible reactivations on north-south faults. What data would move us closer to understanding the strike-slip components of the deformations? Ongoing minor fault kinematic studies should help, especially detailed studies in different age rocks throughout the rock column. Such studies, however, do not constrain the magnitude of slip, and stress inversion analysis on minor faults may fail to characterize the kinematics of major faults because of strain partitioning. Geophysical studies are in progress that may help refine our understanding of magnetic anomalies associated with the Jemez lineament and the proposed Proterozoic piercing lines (Keller et al., 2000) . Additional surface and subsurface sedimentological and stratigraphic data throughout the section will refine our understanding of basin geometries and offsets. Many different data sets need to be integrated, including structural, geophysical, and sedimentary. We welcome Woodward's comment, but disagree with several of his interpretations.
